Currently enhanced oil recovery (EOR) technology is getting more attention by many countries since energy crises are getting worse and frightening. Polymer flooding by hydrophobically associated polyacrylamides (HAPAM) and its modified silica nanocomposite are a widely implemented technique through enhanced oil recovery (EOR) technology. This polymers class can be synthesized by copolymerization of acrylamide (AM), reactive surfmer, functionalized silica nanoparticles, and a hydrophobic cross-linker moiety in the presence of water soluble initiator via heterogeneous emulsion polymerization technique, to form latexes that can be applied during polymer flooding. Chemical structure of the prepared copolymers was proven through different techniques such as Fourier transform infrared spectroscopy (FTIR), and nuclear magnetic spectroscopy ( 1 H& 13 C-NMR), and molecular weight was measured by gel permeation chromatography. Study of the effects of monomer, surfmer, cross-linker, silica, and initiator concentrations as well as reaction temperature was investigated to determine optimum polymerization conditions through single factor and orthogonal experiments. Evaluation of the prepared copolymers for enhancing recovered oil amount was evaluated by carrying out flooding experiments on one-dimensional sandstone model to determine recovery factor.
Introduction
Crude oil is the most critical energy source in the world, especially for transportation and provision of heat and light as there has not been a sufficient energy source to replace crude oil which has been broadly integrated [1] . Crude oil production from sandstone and carbonate rock formations occurs in three distinct phases [2] . Primary oil recovery combines the native energy of the reservoir such as dissolved gas drive, natural water drive aquifer, gas cap, and gravity drainage with pumping equipment to bring the oil from the reservoir into the wellbore and up to the surface, recovering about ∼15% OOIP [3] . In secondary oil recovery, as the reservoir loses its energy, an external fluid such as water or gas is injected into the reservoir to maintain reservoir pressure and extend its lifetime to drive hydrocarbons towards the wellbore and then to production wells recovering an additional ∼30% OOIP. The process continues until the water-oil ratio at the production wells becomes very high (oil cut ≤ 1%). After water flooding, there is a significant oil amount ∼55% OOIP still trapped in the pores of reservoir rock due to both microscopic and macroscopic factors and it cannot be further removed without the use of enhanced oil recovery (EOR) technologies [1] . The frightening situation of energy shortage imposed the urgent need for recovering more crude oil through EOR applications which comprise different techniques [4] ; one of them is polymer flooding through hydrophobically associated polyacrylamide polymers (HAPAM) which are commonly used in enhanced oil recovery [5, 6] due to their unique structures and properties, including their thickening 2 International Journal of Polymer Science properties, shear thinning, and antipolyelectrolyte behavior as mobility control agents and rheology modifiers [7] . These polymers are synthesized by free radical emulsion polymerization process through grafting or incorporating hydrophobic chain cross-linking segments onto their hydrophilic main chain [8, 9] or by copolymerization of hydrophilic and hydrophobic monomers [10] . Another EOR-flooding agent is hydrophobically associated polyacrylamide-silica nanocomposites (HAPAM-SiO 2 ) which are synthesized by grafting of silica modified surfaces on polymer backbone structure.
Several polymer field projects have been referenced or reported in the literature. Vossoughi and Buller and Manrique et al. [11, 12] reported some advantages in using anionic polyacrylamide/acrylic acid (PAM/AA) in tests carried out on sandpacks and native cores from the Richfield East Dome Unit (REDU) in California. Dabbous [13] conducted the flood tests in heterogeneous porous media showing that preinjection of polymer could result in better flooding efficiency. Platt and James [14] prepared poly(alpha-alkoxy) acrylamides and claimed improved stability in brine solutions. Similar claims were made by Hunter [15] and Cao et al. [16] who prepared N-substituted PAM/AA via ethoxylation. Murduchowitz [17] disclosed terpolymers of acrylamide, acrylonitrile, and acrylic acid [18] . McCormick et al. [19] copolymerize sulfonated monomers such as 2-acrylamido-2-methylpropane sulfonic acid (AMPS) with acrylamide monomers, which provide a somewhat improved calcium ion tolerance. Du and Guan [20] also discuss the field application of polymer flooding. Zou et al. [21] and Mahdavian et al. [22] reported the preparation of multidispersed SiO 2 nanocomposites which have enhanced salt-tolerance behavior. Yang-Chuan et al. [23] reported the preparation of monodispersed nano-SiO 2 particles by sol-gel method used as inorganic phase and modified by 3-methacryloxypropyltrimethoxysilane (MPS) with active double bond, and then novel nanocomposites of polyacrylamide copolymers with monodisperse SiO 2 particles were in situ prepared. It was expected that these nanocomposite solutions effectively improved oil or heavy oil recovery. Flaaten et al. [24] and Zhang et al. [25] discussed the potential application of the nanoparticles stabilized emulsion system in petroleum industry. Ju and Fan [26] have used two types of polysilicon nanoparticles in oil fields to improve oil recovery and enhance water injection.
Polymer flooding aims to increase viscosity of aqueous phase and so decrease mobility ratio less than unity ( ≤ 1), which in turn improves sweeping efficiency. One of the routine screening parameters used for a preliminary analysis of a reservoir is the mobility ratio that represents effects of relative permeability and viscosity of water and oil on mobility based on Darcy's law (1) as follows [27] :
where is mobility ratio; is water phase mobility; is oil phase mobility; is relative permeability of water phase, mD; is relative permeability of oil phase, mD; is water phase viscosity, cp; is oil phase viscosity, cp. Consequently, we can conclude that, by increasing of polymer viscosity, aqueous phase viscosity will increase and mobility ratio decreases, enhancing sweeping efficiency which in turn increases recovered oil amount.
Polymeric surfactants (surfmers) are functional surfactants, have amphiphilic structure [28] , and contain polymerizable vinyl double bonds [29] in their molecular architecture resulting in novel physicochemical properties distinct from conventional surfactants [30] and can be copolymerized with double bond containing monomers. During emulsion polymerization process, the ingredients concentration greatly affects polymerization behavior. To obtain the optimum polymerization conditions through synthesis of these polymers, the effects of acrylamide (AM) monomer concentration, surfmers concentration, initiator concentration, hydrophobic cross-linker moiety, and silica amount were investigated by single variable method [31] . First, we kept the loadings of acrylamide (AM) monomer at 1.69 molL −1 , cross-linker at 1.14 * 10 −2 molL −1 , and the initiator concentration at 6.07 * 10 −3 molL −1 and reaction time adjusted for 12 hours at reaction temperature of 60 ∘ C and then change surfmer concentration to investigate its influence on polymerization by observing the apparent viscosity. On the basis of the aforementioned approach, the effects of other factors on polymerization were studied [32] . At the same time, orthogonal experiments [33] which reveal the complex cause-effect relationship between design parameters and performance are carried out. Orthogonal arrays are special scientific method that requires only a small number of experimental trials to discover main factor effects based on the statistical findings [34] . Evaluation of these polymers for increasing recovered oil amount was done through one-dimensional sandstone packed model, where recovery factor was calculated on volume basis via mass balance equation after primary and secondary methods had been exhausted.
Experimental
2.1. Materials. They are as follows: 4-dodecyl benzene sulfonic acid (DBSH, mixture of isomers, ≥95%), 1-vinylimidazole (≥99%), ethyl acetate (CH 3 COOC 2 H 5 , ≥99.5%), acrylamide (AM, 99%) which was twice recrystallized from acetone, dried under vacuum, and stored in the dark at 4 ∘ C until required, potassium persulfate "KPS" (K 2 S 2 O 8 , ≥ 99%), divinyl sulfone (DVS, ≥97%), (3-aminopropyl)triethoxysilane (≥98%), acetone (CH 3 COCH 3 , ≥97%), and methanol (CH 3 OH, ≥97%). All reagents and materials of the best grade available were used without additional purification, supplied from Sigma-Aldrich Chemie GmbH. All aqueous solutions were prepared using deionized or Milli-Q water. added dropwise under vigorous stirring in ice bath. The solution was maintained at 0 ∘ C for 2 h and then stirred for 12 h at 45 ∘ C. The white product was precipitated by lowering temperature to −16 ∘ C and recrystallized through redissolving in 50 mL ethyl acetate and cooling. The yield was about 73%.
Preparation of HAPAM
Copolymer. An aqueous solution of acrylamide in distilled water was gently bubbled with nitrogen gas for 30 min to remove dissolved oxygen (free radical scavenger). The emulsion polymerization was carried out in a jacketed autoclave equipped with mechanical stirrer, automated temperature controlling unit, and nitrogen inlet/outlet. The designated amounts of acrylamide monomer, hydrophobic divinyl sulfone cross-linker, and surfmer were added into the mixture, stirred vigorously until a clear solution was obtained. The reaction was started by injecting potassium persulfate (K 2 S 2 O 8 ) as an initiator when reaction temperature was reached, and the reaction mixture was stirred for 12 hours under a nitrogen purge for 1-1.5 hours. Concentrations of initiator, monomer, cross-linker, surfmer, and reaction conditions had been investigated. At the end of the reaction, the viscous polymer gel was precipitated in acetone, redissolved in water, and reprecipitated in acetone, and then subjected to Soxhlet extraction with methanol for 24 h in order to remove unreacted monomers until a white block solid is obtained. Finally, the solid copolymer was further crushed and vacuum-dried at 60 ∘ C for 24 hours and then stored in a desiccator.
Preparation of HAPAM-SiO 2 Nanocomposite.
After determination of optimum polymerization conditions and optimum reactants concentration, (3-aminopropyl)triethoxysilane was added in different molar ratios. The polymerization procedure was carried out typically as reported previously in Section 2.2.2. The synthesis and chemical reaction of HAPAM and HAPAM-SiO 2 are expected to be as illustrated in Figures 1 and 2 , respectively.
Characterization and Equipment.
Critical micelle concentration (Cmc) of the prepared surfmer was determined from surface tension measurements by du Noüy ring tensiometer. Viscosity of polymer solution was measured on 4 International Journal of Polymer Science
under N 2 purge for 12 hours Brookfield programmable DV-II + viscometer, equipped with LV (SC4-25) adapter spindle cone/plate geometry (diameter = 60 mm, angle = 1 ∘ , and plate-to-plate gap = 0.104 mm). FTIR spectrometric analysis was carried on American FTS-3000 infrared spectrometer in the optical range of 600-4000 cm −1 by the averaging of 32 scans at a resolution of 4 cm −1 with KBr pellets. 1 H-NMR was measured with a Bruker EMX 400 MHz NMR spectrometer (Billerica, MA, USA). The spectrum was recorded after accumulating 32 scans, using D 2 O as a solvent and tetramethylsilane (TMS) as internal standard. The molecular weight was measured by gel permeation chromatography (GPC) using a Waters 600E system controller equipped with a Waters 610 fluid unit pump and a Waters 410 differential refractometer detector.
Flooding Experiments.
Flooding tests were carried out on one-dimensional sandstone model developed by our PVT-lab as shown in Figure 3 to simulate flooding process on reservoir scale [35] . The sand was firstly saturated by brine followed by oil flooding and then copolymer solution with different concentrations was flooded to determine recovery factor.
Results and Discussions

Characterization and Structure
Determination. IR analysis was performed to determine the structure of the HAPAM copolymer and HAPAM-SiO 2 nanocomposite as reported in Figure 4 with their characteristic peaks as follows: HAPAM show strong absorption peaks at 3445-3196 and 1715.62 cm −1 ; these were attributed to the stretching vibrations of (N-H and C=O) bonds, respectively, in the (-CONH 2 ) group [36] . The absorption peaks at 1323 and 1044 correspond to stretching vibration of (S=O) in sulfones; this indicated that the divinyl sulfone was successfully introduced into the macromolecule chain. The stretching vibration of (C=C) disappeared within the range of 1600-1680 cm the acrylamide monomer copolymerized with divinyl sulfone and surfmer in the presence of KPS as water soluble initiator to form the proposed structures. HAPAM-SiO 2 show the same characteristic peaks of HAPAM in addition to characteristic peaks of silica network, where absorption peaks at 1258-1043,924 and 680 cm −1 are attributed to asymmetric, symmetric stretching vibrations and winding vibration of (Si-O-Si) in the silica network, respectively [37] . Thus we can conclude that silica is introduced in polymer skeleton structure. Since IR spectrum alone does not give complete information concerning chemical structure, proton 1 H-NMR spectrum of the prepared HAPAM and HAPAM-SiO 2 is shown in Figure 5 with their chemical shifts.
H-NMR (400 MHz, D 2 O, 25
∘ C) of HAPAM and HAPAMSiO 2 and chemical shift signal at = 4.70 ppm can be ascribed as the (NH 2 ) of the acrylamide chains. The signals at about 3.59 ppm can be assigned to (-CH 2 -Ph-) and peaks at around 2.64 and 1.64 ppm represent the (-CH 2 ) and (-CH) of the HAPAM, respectively. The peaks from 1.26 to 1.08 ppm can be assigned to (-CH 2 ) and (-CH 3 ) of 4-Dodecyl-benzenesulfonate-1-vinylimidazol-3-ium. In case of HAPAM-SiO 2 , it was observed that the peaks at 2.64 and 1.64 ppm were shifted slightly to the left because of the silane derivatives and silica. Accordingly, the results confirmed that the nanocomposites were successfully synthesized due to the absence of characteristic band (-CH 2 =CH-) of acrylamide group and the presence of new peaks at 2.64 and 1.64 ppm.
According to the analysis of FTIR and 1 H-NMR spectra, the proposed chemical structures of HAPAM and HAPAMSiO 2 are predicted to be as shown previously in Figures 1 and  2 , respectively.
Molecular Weights of the Prepared Polymers.
The molecular weights of the prepared HAPAM and HAPAM-SiO 2 were measured by gel permeation chromatography (GPC) instrument (Waters Co., USA). The GPC method shows molecular weights of 1.19 and 0.93 × 10 6 gmol −1 for HAPAM and HAPAM-SiO 2 , respectively.
Critical Micelle Concentration (Cmc).
Cmc of the prepared surfmer (4-dodecyl-benzenesulfonate-1-vinylimidazol-3-ium) was determined from measuring the variation in surface tension ( ) with concentration at 60 ∘ C, where the surface tension decreases linearly with increasing concentration and then levels off. The results are summarized in Table 1 , where Cmc value was found to be 0.001485 molL −1 .
Single-Factor Experiments.
Optimum polymerization conditions were evaluated through single-factor and orthogonal approaches, where the effects of initiator, monomer, cross-linker, surfmer concentrations, and reaction temperature on apparent viscosity were investigated [33] as follows.
Effects of Initiator Concentration.
Since dispersion medium of polymerization reaction is water, one should choose one of water soluble initiators such as potassium or ammonium persulfate, hydrogen peroxide, and 2,2-azobis(2-amidinopropane) dihydrochloride [38] ; in the present study, the authors select K 2 S 2 O 8 as a water soluble initiator. Since initiator concentration greatly influences polymerization process, the first step is to determine the optimum concentration of initiator (K 2 S 2 O 8 ). The reactions conditions and reactants concentrations are shown in Table 2 . From Figure 6 , it is observed that, with increasing of initiator concentration, the apparent viscosity rises up until it reaches a maximum value at initiator concentration of 6.07 × 10
, so it is the optimum initiator concentration. On the other hand, if the concentration of initiator was too high, the apparent viscosity decreased, and this can be attributed to the following. By increasing of initiator concentration, the amount of free radical increased consequently, the probability of chain International Journal of Polymer Science 7 Initiator concentration (mol L −1 ) Figure 6 : Effect of initiator concentration on apparent viscosity.
growth increased, and at the same time the molecular chain elongated, so apparent viscosity rose. If the concentration of initiators was too much, the free radical generated was too much and the propagation of chain transfer increased, so the probability of chain termination increased and the molecular chain was shorter, so viscosity decreases.
Effects of Acrylamide Monomer Concentration.
Effect of acrylamide (AM) monomer concentration on apparent viscosity was investigated, where the reactions conditions and reactants concentrations are shown in Table 3 . From Figure 7 , it is observed that when the concentration of monomer was lower, the apparent viscosity of polymer was lower too. With the increase of monomer concentration, the apparent viscosity of polymer increases. The apparent viscosity of polymer was the maximum when the concentration of monomer was 1.69 molL −1 . After that, the apparent viscosity decreased, so it is the optimum monomer concentration.
This behavior can be explained on basis of the following; with the increases of monomer concentration, the concentration of propagating radical increases, the probability of chain growth increases at the same time, the molecular chain elongates, and the apparent viscosity rises. But if the concentration of monomers was too much, the probability of collision between monomer radicals becomes larger, so the probability of chain termination rises up and the molecular chain became shorter, resulting in lower viscosity values.
Effects of Reaction Temperature.
Effect of reaction temperature on polymerization conditions was investigated, where the reactions conditions and reactants concentrations are shown in Table 4 . From Figure 8 , it is observed that, with the increase of reaction temperature, the apparent viscosity increases until reaching a maximum value at 60 ∘ C and then decreases, so it is the optimum temperature. Because the constant of chain transfer and chain termination increased in higher temperature, these accelerated the velocity of polymerization up to a certain limit, and after that chain termination accelerated, so the apparent viscosity of polymers decreased. When the temperature was lower, the activity of monomer radical decreased, and the probability of collision between monomer radicals was lower too, so viscosity decreases. With the increase of the reaction temperature, the amount of free radical increased, the probability of chain growth increased at the same time, the molecular chain elongated, and apparent viscosity became larger. But if the reaction temperature was too high, the free radical generated was too much, the propagation of chain transfer increased, and the molecular chain became shorter. Also, it is assumed that at high temperatures the primary radicals undergo side reactions so their contribution to polymerization is suppressed.
Effects of Cross-Linker Concentration.
Since introducing of sulfone group in backbone structure of polymer enhances ionic exchange capability, electric conductivity, and reduces precipitation with bivalent Ca 2+ and Mg 2+ ions [39, 40] , it improves polymer resistance to harsh reservoir conditions during flooding process. As a result, it is favorable to select cross-linker containing sulfone group in its chemical structure. Effect of hydrophobic cross-linker concentration (divinyl sulfone (DVS)) moiety on polymerization conditions was investigated in relation to apparent viscosity, where the reactions conditions and reactants concentrations are shown in Table 5 .
From Figure 9 , it is observed that the apparent viscosity increases with the increase of cross-linker concentration. Because the divinyl sulfone cross-linker contains strong polar groups (O=S=O), the copolymer obtained becomes more rigid with the increase of hydrophobic cross-linker concentration. When cross-linker concentration was too much, the polarity of copolymer was too strong, and the produced composite becomes so rigid and insoluble in aqueous solution, so viscosity decreases. The experimental demonstrated crosslinker concentration at 1.14 * 10 −2 molL −1 was the optimum one.
Effects of Surfmer Concentration.
Based on previous experiments determined above, concentration of reactants was adjusted at optimum where effect of surfmer concentration was investigated in relation to apparent viscosity. The reactions conditions and reactants concentrations are shown in Table 6 .
From Figure 10 , it is observed that the apparent viscosity decreases by increasing surfmer concentration. This can be attributed to the following: the higher the surfmer content, the higher the monomer swollen micelles which are the loci of polymerization, the smaller the hydrophobe number per micelle, and the shorter the sequence length of the hydrophobic segments in the macromolecular backbone, which reduces the tendency for intermolecular association, so solution viscosity decreases [41] . Number of hydrophobic monomers per micelle ( ) can be calculated by [42, 43] 
where is initial molar concentration of hydrophobic monomer in the feed, molL −1 ; surf is molar surfmer concentration, molL −1 ; Cmc is critical micelle concentration, molL −1 ; agg is surfmers aggregation number (mean number of hydrophobes per aggregate reflecting the amount of aggregating polymer chains that participate in hydrophobic domain formation) [44] . In this study, the Cmc of surfmer at 60 ∘ C was found to be 0.001485 molL −1 and an aggregation number agg = 15 was assumed for surfmer at the polymerization temperature of 60 ∘ C [45, 46] . The values of hydrophobic monomers per micelle ( ), as a function of surfmer concentration, are reported in Table 7 .
According to previous data results, it is obvious that surfmer concentration 8.44 * 10 −3 molL −1 gives the highest and viscosity values, but we found that the optimum surfmer concentration which achieves high latex stability is 3.38 * 10 −2 molL −1 which is 22.7-fold its Cmc. Moreover, at lower surfmers concentration and higher values, the solubility of hydrophobically associated copolymers in water was found to be nil as it becomes only soluble in high polar solvents like formamide [47] due to increasing of hydrophobic groups in micelle, so hydrophobe block lengthen and association of hydrophobic groups become stronger resulting in poor solubility [48] , so surfmer concentration of 3.38 * 10 −2 molL −1 was found to be the optimum concentration during the course of polymerization process. From the aforementioned single-factor experiments, we can deduce that the optimum polymerization conditions can be summarized as shown in Table 8 .
Reaction Time.
Rate of monomer conversion was estimated through gravimetric precipitation technique. A definite weight of as-synthesized copolymer was withdrawn and precipitated in acetone at interval time of (2, 4, 6, 8, 10, 12, and 14 hours) and reweighted after vacuum-drying. The converted monomer was calculated by subtracting weight after drying from theoretical weight of monomer in definite solution. All titration experiments were repeated 3 times for accuracy. Experimental results are summarized as shown in Table 9 and Figure 11 .
It is obvious that maximum conversion reaches 92 and 95% in case of HAPAM and HAPAM-SiO 2 , respectively, after 12 hours. As a result, optimum time of polymerization reaction through this study was adjusted at 12 hours to assure that monomer conversion occurs completely. [33] . In order to determine the effects of initiator, monomer, cross-linker, and surfmer concentrations and reaction temperature on apparent viscosity of the product comprehensively, orthogonal experiments were done. Based on the single-factor experiment, the factors and levels, results of synthesis, and range analysis with apparent viscosity are shown in Tables 10-12 , respectively. Statistic parameters were defined according to the following equations: where is the experimental levels, = 1, 2, 3, 4, and is experimental results, such as apparent viscosity. From Table 12 , it can be seen that
Orthogonal Experiments
. It demonstrated that the apparent viscosity was most affected by cross-linker concentration followed by reaction temperature, monomers concentration, surfmer concentration, and initiators concentration. From orthogonal experiments, it is observed that the optimum combination was 3 3 3 3 3 , which is compatible with the results obtained from single-factor experiments as illustrated in Table 8 previously.
Effect of Silica Load.
After determination of optimum polymerization conditions through single-factor and orthogonal experiments, effect of silica load (3-aminopropyl)triethoxysilane on polymerization conditions was investigated in relation to apparent viscosity, where the reactions conditions and reactants concentrations are shown in Table 13 .
From Figure 12 , it is observed that the apparent viscosity increases with the increase of silica load till certain concentration (0.003 molL −1 ) and then decreases, so it is the optimum concentration. This may be attributed to the following: by increasing of silica concentration till certain limit, reaction initiation increases, so the probability of chain growth increased, resulting in viscosity increase. When silica concentration becomes too high, the possibility of reaction termination increases; moreover cross-linking degree decreases by grafting of silica nanoparticles, so intermolecular hydrophobic associations and gel effect decrease resulting in viscosity decrease.
Also it is observed that viscosity of HAPAM-SiO 2 nanocomposite is lower than that of HAPAM. This resorted to part of divinyl sulfone cross-linker consumed with (3-aminopropyl)triethoxysilane during Aza-Michael addition reaction, so chains association becomes less rigid resulting in lower viscosity values according to Scheme 1. 
Estimation of Total Oil Recovery Factor by Copolymers Flooding
Flooding experiments were carried out on one-dimensional sandstone packed model at simulated reservoir conditions. The recovery factor was calculated by two methods, using either a secondary oil displacement procedure or means of a tertiary oil displacement technique, overall comprising two steps [49] . The first step, corresponding to the secondary recovery method, involves the injection of brine into the sand pack, after saturating of packed model with crude oil. At this point, a certain amount of oil is recovered and another one remains in the sand pack. The experimental data results are summarized in Table 14 and Figure 13 . The brine only pushes away the oil found in the sand pack, under high interfacial 
The second step is performed with the objective of recovering any amount of oil still stored in the sand pack, which corresponds to implementation of a tertiary recovery method, whereby copolymer solutions (HAPAM or HAPAMSiO 2 ) are injected during flooding process. These solutions act to decrease mobility ratio and so improve sweeping efficiency and reduce interfacial tensions between the contacting fluids. As a result, the volume of recovered oil increases. The recovery factor relative to original oil in place (OOIP) is obtained by summing up the oil volume ( ) recovered in each step (secondary and tertiary oil displacement process) and is expressed in percentage (%):
where RF Total is total recovery factor (%), RF PM+SM is recovery factor obtained by primary and secondary methods (%), and RF TM is recovery factor obtained by tertiary method (%). It is observed that recovery factor reaches 20.8 and 26% OOIP in case of HAPAM and HAPAM-SiO 2 copolymers, respectively, which indicate that the novel composites are promised EOR candidates.
Conclusion
The effects of acrylamide monomer, surfmer (4-Dodecylbenzenesulfonate-1-vinylimidazol-3-ium), divinyl sulfone as a hydrophobic cross-linker moiety, and potassium persulfate initiator concentrations as well as reaction temperature on apparent viscosity of polymerized hydrophobically associated polyacrylamide (HAPAM) copolymers were evaluated using single-factor and orthogonal experiments. Moreover, effect of silica concentration on apparent viscosity of HAPAM-SiO 2 nanocomposite was also investigated. Flooding experiments through one-dimensional model indicate positive results for application of such polymers in enhanced oil recovery. As an ongoing research, the authors try to increase efficiency of these copolymers in order to decrease remaining oil percentage.
